Objectives. To (1) describe patterns of posthospital care transitions; (2) characterize these patterns as uncomplicated or complicated; (3) identify those at greatest risk for complicated transitions. Data Sources/Study Setting. The Medicare Current Beneficiary Survey was used to identify beneficiaries aged 65 and older who were discharged from an acute care hospital in 1997-1998. Study Design. Patterns of posthospital transfers were described over a 30-day time period following initial hospital discharge. Uncomplicated posthospital care patterns were defined as a sequence of transfers from higher-to lower-intensity care environments without recidivism, while complicated posthospital care patterns were defined as the opposite sequence of events. Indices were developed to identify patients at risk for complicated transitions. Principal Findings. Forty-six distinct types of care patterns were observed during the 30 days following hospital discharge. Among these patterns, 444 episodes (61.2 percent) were limited to a single transfer, 130 episodes (17.9 percent) included two transfers, 62 episodes (8.5 percent) involved three transfers, and 31 episodes (4.3 percent) involved four or more transfers. Fifty-nine episodes (8.1 percent) resulted in death. Between 13.4 percent and 25.0 percent of posthospital care patterns in the 1998 sample were classified as complicated. The area under the receiver operating curve was 0.771 for a predictive index that utilized administrative data and 0.833 for an index that used a combination of administrative and self-reported data. Conclusions. Posthospital care transitions are common among Medicare beneficiaries and patterns of care vary greatly. A significant number of beneficiaries experienced complicated care transitions--a finding that has important implications for both patient safety and cost-containment efforts. Patients at risk for complicated care patterns can be identified using data available at the time of hospital discharge.
Medicine 2001; Coleman et al. 2002; Forster et al. 2003; Halm et al. 2003; Boockvar et al. 2003; Moore et al. 2003; Beers, Sliwkowski, and Brooks 1992; Meredith et al. 2002; Cook, Render, and Woods 2000; Delgado-Rodriguez et al. 2001; Mitchell, Swift, and Gilbert 1999) . Although researchers have examined single care transitions (e.g., returning to the hospital after being discharged or transferring from a nursing home to a hospital), to date there has been a paucity of studies that have explored entire episodes of care--that is, the multiple transitions that these patients often experience (Ashton et al. 1995; Weissman et al. 1999; Barker et al. 1994; Oddone et al. 1996; Jones et al. 1997; Lewis, Cretin, and Kane 1985; Waite et al. 1994; Siu, Manning, and Benjamin 1990; Densen 1991) .
The recent Institute of Medicine report, Crossing the Quality Chasm: A New Health System for the Twenty-first Century, calls for greater integration of health care delivery across different settings to improve the quality of care transitions and reduce the threat of medical errors (Institute of Medicine 2001). However, before quality improvement approaches can be initiated, the patterns of posthospital care transitions need to be better understood. In addition, it is important to characterize the frequency and complexity of these transitions. Finally, it is necessary to develop effective targeting strategies that can be used to identify those patients who are at greatest risk for experiencing complicated care transitions and match those patients with evidence-based interventions aimed at improving the quality of their care transitions (Naylor et al. 1999; Rich et al. 1995; Philbin 1999; Townsend et al. 1988; Parry et al. 2003) . This investigation aimed to: (1) describe the patterns and prevalence of care transitions among Medicare beneficiaries during a 30-day time period following acute hospitalization; (2) characterize the complexity of these care transitions; and (3) develop and test predictive indices designed to identify Medicare beneficiaries who are at greatest risk for complicated care transitions.
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METHODS

Setting
This study utilized the 1997 and 1998 Medicare Current Beneficiary Survey (MCBS) Cost and Use files and accompanying Medicare claims data. The MCBS is a continuous, multipurpose survey of a representative sample of Medicare patients that was designed to aid the Centers for Medicare and Medicaid Services (CMS) in administering, monitoring, and evaluating the Medicare program. The results from the survey are combined with information from administrative data files that the CMS maintains. Additional details of the MCBS are described elsewhere (Adler 1994; Centers for Medicare and Medicaid Services 2004) . (Permission to use these files and to publish these results was granted under CMS Data Use Agreement number 11941. The Institutional Review Board of the authors' academic institution approved this study, protocol number 02-035.)
Participants
The study sample included Medicare beneficiaries who participated in the MCBS and were discharged from an acute care hospital in 1997 (n 5 700) or 1998 (n 5 704). Medicare beneficiaries who were aged 64 years or younger, residing in a long-term care institution, or enrolled in hospice care were excluded.
Unit of Analysis
The unit of analysis for each stage of this investigation was an episode of care, defined as the 30-day time period following discharge from an acute care hospital setting. All transfers that occurred within this time period were considered part of the same episode, including any additional acute hospitalizations. A patient could contribute more than one episode to the analysis. The 1997 and 1998 MCBS Cost and Use files included 726 and 738 discrete care episodes respectively.
To ensure that each episode was unique, acute hospitalizations that occurred within a 30-day time period following another acute hospitalization were included in characterizing the episode of the first hospitalization but were not treated as discrete care episodes. Because a patient's pre-morbid functional status may influence subsequent patterns of care (and is therefore important to adjust for a current assessment in the predictive models), the study sample was restricted to episodes that occurred within four months following the MCBS' annual functional assessment that takes place in September.
Patterns and Prevalence of Posthospital Transfers
In the first stage of this study, distinct patterns of posthospital transfers and their prevalence within the 1997 sample were determined. The following types of transfers were examined: transfers to skilled nursing or rehabilitation facilities, acute care hospitals, emergency departments, and patients' noninstitutional residences. Transfers to the emergency department that resulted in admission to an acute care hospital were considered a single transfer. Episodes that resulted in death within the 30-day time period were included in this stage of the study.
Uncomplicated versus Complicated Care Patterns
Since the existing literature on care transitions provides little insight into the best way to distinguish characterize patterns of care (Coleman 2003; vom Eigen et al. 1999; Naylor, Bowles, and Brooten 2000) , the goal of the next stage of this study was to develop a systematic method for classifying the care transfers using administrative data that would be meaningful to consumers (i.e., patients and informal caregivers), clinicians, administrators, and policymakers. For the purposes of this investigation, an uncomplicated posthospital care pattern was operationally defined as one or more transfers from higherintensity care environments (in which it is presumed that patients have greater functional dependency) to lower-intensity care environments (in which it is presumed that patients have less functional dependency), without recidivism. In contrast, a complicated posthospital care transition was defined as one or more transfers from lower-to higher-intensity care environments.
Patients who died within the 30-day posthospital period (n 5 59) were not included in this stage of the investigation because the current medical literature does not support a consistent association between the experience of death and the location in which it occurs. While some patients may prefer to die at home, others may consider an institution to be more desirable.
Approximately 80 percent of the episodes that did not result in death readily conformed to this schema. In the remaining 20 percent of episodes, the patients either experienced a transfer between two settings of comparable intensity (i.e., a ''lateral'' transfer, such as from one acute care hospital to another) or the patients did not return to community living at the end of the 30-day period (i.e., they reached a ''plateau''). Because this classification was fundamentally based on determining either an increase or decrease in setting level of intensity, lateral transfers did not lead to the categorization of a patient's episode as complicated. In contrast, episodes characterized by the patient reaching a plateau and not returning to community living were categorized as complicated.
By way of example, an episode in which a patient was transferred from the hospital to a skilled nursing facility and then to home, would be categorized as uncomplicated. An episode that included transfer from a hospital to the patient's residence and then back to the hospital or emergency department without hospital admission within 30 days would be categorized as complicated. An episode that included transfer from a hospital to another hospital and then home would not be initially classifiable using an administrative approach, but would be categorized as uncomplicated using the more inclusive approach. Finally, an episode in which the patient was transferred home and then died would not be classified using either approach.
Predictive Indices for Complicated Transitions
The goal of the third stage of this investigation was to develop two predictive indices that could be used to identify Medicare beneficiaries who are at risk for experiencing complicated care transitions within 30 days of discharge from an acute care hospital. The dependent variable--complicated care patterns--was defined using the classification described in the previous section. The independent variables were derived from two sources: (1) patients' prior utilization data (6 months) and diagnoses abstracted from Medicare administrative files, and (2) patient-reported MCBS survey items. These two sources yielded a wide range of variables, including demographic information, burden of comorbidity calculated using the Charlson index (Charlson 1987) , functional status, Medicaid enrollment, and prior utilization history. Pre-morbid Function Score was constructed by averaging the responses (1 5 No, 2 5 A little, 3 5 Some, 4 5 A lot, and 5 5 Unable) for various physical functional tasks (lifting, reaching, stooping, and walking a quarter of a mile). Assistance with Activities of Daily Living Score was constructed by averaging the indicators (1 5 Yes, 0 5 No) for having difficulty in the individual Activities of Daily Living categories (bathing, dressing, eating, walking, using the toilet, transferring in or out of bed or chairs). The functional responses were averaged to account for the fact that not all survey respondents answered every item (Ware 1997) .
Models were constructed using data from the 1997 Medicare sample to develop indices predictive of complicated posthospital care patterns; data from the 1998 Medicare sample were used to validate the indices. Backward elimination modeling techniques were used to select the most parsimonious models. In the first strategy, the goal was to create a relatively simple index that Centers for Medicare and Medicaid Services (CMS) claims representatives without a clinical background can use to determine patients' risk for complicated care transfers and potential eligibility for a care coordination intervention; thus, the independent variables were restricted to those that are routinely available from administrative data maintained by CMS. In the second strategy, a broader array of variables were employed, including those obtained from both administrative and patient (or informal caregiver) self-reported data, with the only constraint being that the variables needed to be routinely available at the time of hospital discharge. The area under the curve of receiver operating curves was used to compare the predictive accuracy of these two strategies. Table 1 compares the 1997 and 1998 MCBS samples. There were no significant differences between the two groups in terms of demographic characteristics and medical diagnoses. However, the 1997 sample had significantly higher utilization rates for skilled nursing facilities prior to the study period, as measured by both length of stay and number of admissions. The most prevalent primary discharge diagnoses for the 1997 sample included coronary artery disease (9.7 percent), congestive heart failure (6.3 percent), stroke (4.1 percent), chronic obstructive pulmonary disease (4.0 percent), and hip fracture (3.0 percent). Similarly, the most prevalent primary discharge diagnoses for the 1998 sample included coronary artery disease (10.6 percent), congestive heart failure (5.7 percent), stroke (5.0 percent), chronic obstructive pulmonary disease (4.1 percent), and hip fracture (3.1 percent).
RESULTS
Participants
Patterns and Prevalence of Posthospital Transfers
Forty-six distinct care patterns were observed among the Medicare beneficiaries included in the 1997 sample during the 30-day episode of care following discharge from an acute hospital (Figure 1) . Immediately following the first acute hospitalization, 535 episodes (73.7 percent) resulted in a transfer to the patient's residence, 120 episodes (16.5 percent) resulted in a transfer to a skilled nursing or rehabilitation facility, 70 episodes (9.6 percent) resulted in a transfer within the existing hospital (i.e., to a transitional care unit) or to a different hospital, and 1 episode (0.1 percent) resulted in death before the initial transfer was complete.
Following the initial transfer, a wide variation in patterns of care was observed over the 30-day time period: 444 episodes (61.2 percent) were limited to a single transfer, 130 episodes (17.9 percent) included two transfers, 62 episodes (8.5 percent) involved three transfers, and 31 episodes (4.3 percent) 
Uncomplicated versus Complicated Care Patterns
Thirty-day care episodes that did not result in death were categorized using two approaches. In the first approach, only those episodes that could be categorized using the classification schema when applied administratively were evaluated. This approach resulted in 11.1 and 13.4 percent of episodes categorized as complicated in the 1997 and 1998 samples respectively. The second approach accounted for all of the episodes that did not result in death, including those that involved transfers between settings of similar care intensity and episodes in which the patient did not return to community living. Using this latter classification schema, 21.9 and 25.0 percent of episodes were categorized as complicated in the 1997 and 1998 samples, respectively.
Predictive Indices for Complicated Care Transitions
The parameter estimates for the 1997 sample variables included in the two models (i.e., the model using administrative variables only and the one using both administrative and self-reported variables) constructed to predict complicated care transitions are presented in Table 2 . Figure 2 illustrates the receiver operating curves for both models using data from the 1998 validation sample. Both models accurately predicted complicated care patterns. The area under the receiver operating curves was 0.771 for the model restricted to administrative data only and 0.833 for the model utilizing a combination of administrative and self-reported data.
Optimal sensitivity and specificity for the 1997 development sample were calculated to be 94.6 percent and 39.2 percent, respectively, for the model using administrative variables only and 98.1 percent and 44.7 percent, respectively, for the model using both administrative and self-reported variables. Optimal sensitivity and specificity for the 1998 validation sample were calculated to be 51.6 percent and 38.2 percent, respectively, for the model using administrative variables only and 61.3 percent and 45.0 percent, respectively, for the model using both administrative and self-reported variables.
DISCUSSION
This investigation had three specific aims: (1) to describe the patterns and prevalence of care transitions among a sample of Medicare beneficiaries during a 30-day time period following an acute hospitalization; (2) to characterize the complexity of these care transitions; and (3) to develop and test two predictive indices designed to identify Medicare beneficiaries who are at greatest risk for complicated care transitions. With respect to the first aim, 46 distinct care patterns were observed among the Medicare beneficiaries in the study sample 30 days after hospital discharge. Sixty-one percent of beneficiaries experienced one transfer (among these 93 percent were discharged home), and 31 percent of beneficiaries experienced more than one posthospital transfer during the 30-day posthospitalization time period. With regard to the second aim, approximately one in eight 30-day care episodes in the 1998 sample were classified as complicated when rigidly applying the criteria evaluating transfers from lower-to higher-intensity care environments. When this criteria was broadened to include ''lateral'' transfers and ''plateaus'' in care, approximately one in four 30-day care episodes were deemed complicated. Regarding the third goal of the study, both of the indices designed to identify those beneficiaries at greatest risk for complicated care transitions (that is, the index based on administrative data only and the index based on administrative and self-reported data) were found to have acceptable predictive accuracy. Few prior studies have addressed the three aims of this investigation, whether separately or collectively. In fact, little attention has been paid to the tracking of care transfers over time. Using the National Long Term Care Survey, Murtaugh and Litke (2002) found a prevalence rate of 24 percent for potential transition-related problems over a two-year time period, defined as emergency department visits, hospital admissions, and returns to an institutional setting following discharge to the community. Fairchild and colleagues developed a predictive index designed to identify patients who may require the use of postdischarge medical services; however, the index was constructed using a single study population (i.e., patients hospitalized at an urban teaching hospital) and relied on predictor variables that are not routinely available in the hospital setting (Fairchild et al. 1998) . Prior studies have demonstrated that indices that utilize administrative or self-reported data have similar rates of predictive accuracy (Coleman et al. 1998; Roblin et al. 1999; Fethke, Smith, and Johnson 1986; Anderson and Steinberg 1985; Mukamel et al. 1997; Roos et al. 1988) .
The findings from this investigation need to be considered within the broader context of improving the quality of care transitions among Medicare beneficiaries. This study provides important insights into the nature of postacute care episodes and suggests that the needs of Medicare beneficiaries who are discharged after an acute hospitalization are both complex (requiring care from different practitioners in multiple settings) and ongoing (lasting 30 days or more). This understanding may help guide current attempts to modernize the Medicare program through the creation of financial incentives designed to improve posthospital care, such as bundling payments for acute and postacute care services across episodes of care. At present, there is no uniformly accepted definition of an episode of care for Medicare beneficiaries.
Furthermore, the fact that over 30 percent of patients in this investigation underwent more than one posthospital transfer is significant since the potential for mismanagement or medical errors increases as patients undergo more care transitions (Coleman 2003; Institute of Medicine 2001; Murtaugh and Litke 2002) . In addition, the significant number of care patterns in this study characterized as complicated (one in eight, and one in four episodes, depending upon the classification approach utilized) strongly emphasizes the need for both the system-level and patient-level approaches outlined in the Institute of Medicine report, Crossing the Quality Chasm: A New Health System for the Twentyfirst Century (Institute of Medicine 2001).
Finally, this study has demonstrated that Medicare beneficiaries who are at risk for complicated care transitions can be identified with reasonable accuracy using either Medicare administrative data alone or a combination of administrative and self-reported data. Given the number of evidence-based interventions that are being tested to improve the quality of transitional care, the indices developed and tested in this study have immediate practical applications (Naylor et al. 1999; Rich et al. 1995; Philbin 1999; Townsend et al. 1988; Parry et al. 2003) . Specifically, the instruments can be used to target specialized care coordination programs tested or implemented in health delivery systems.
This study has a number of strengths. First, the investigation utilized a nationally representative sample of Medicare beneficiaries to investigate three areas of posthospital care transitions that have previously received little to no attention. Second, in contrast to most studies reported in the literature, the findings from this study are contemporaneous--that is, the time period examined in this study (1997) (1998) coincides with the implementation of the Balanced Budget Act that is believed to have influenced patterns of post-acute care service delivery (Angelelli et al. 2002) . Third, the study tracked transfers over a 30-day time period and thereby extended our understanding of posthospital care beyond the initial discharge location. Finally, since hospital discharge planners and utilization managers often develop discharge plans based upon their clinical judgment, the application of an empirically derived instrument may provide a more reliable means for identifying patients in need of additional services and monitoring.
The findings of this study need to be considered in light of a number of limitations. First, this study was not able to evaluate all possible care transitions. The results reported in this study were heavily influenced by return to the hospital or emergency department because data on transfers to assisted living facilities, primary or specialty care, or home health care were not readily available from the MCBS. Second, the patterns of care in this study that resulted in recidivism may not have been due to transition-related problems. Collectively, the patients studied had a high burden of illness and some of the recidivism may have been attributable to the natural progression of moderateto-advanced chronic illnesses. Third, in order to ensure that the functional status measurements used in the predictive indices were current, the Medicare samples were restricted to those patients with care episodes that occurred within four months of the annual MCBS functional assessment that takes place in September. It is unknown whether a temporal effect may have influenced the results of this study. Prior studies have demonstrated an association between transfers to and from acute care settings and functional status (Covinsky et al. 2003; Gill, Williams, and Tinetti 1999) . Fourth, different health conditions have different periods of recovery that a 30-day episode may not fully encompass. Finally, it could be argued that identifying high-risk Medicare beneficiaries at the time of hospital discharge is a relatively ''downstream'' perspective that is more reactive than proactive. Nevertheless, hospital discharge was targeted in this study because it is unquestionably a time of great patient vulnerability and because there is a growing number of evidencebased interventions that show potential for significantly improving posthospital care transitions (Naylor et al. 1999; Rich et al. 1995; Philbin 1999; Townsend et al. 1988; Parry et al. 2003) .
In summary, these findings demonstrate that posthospital transitions are common among Medicare beneficiaries and that the associated patterns of care vary greatly overly a relatively short time. Furthermore, the finding that a significant number of Medicare beneficiaries experience complicated posthospital care transitions has important implications for both patient safety and cost-containment. Finally, this study shows that Medicare beneficiaries who are at risk for experiencing complicated care transitions can be identified using data available at the time of hospital discharge. Thus, the predictive indices developed in this study may have direct application in matching high-risk patients with evidence-based interventions designed to improve posthospital care transitions.
